Urethral and endocervical swabs and self-collected vaginal swabs (SCVSs) and urine specimens are all used as samples for diagnosis of urogenital infection with Chlamydia trachomatis. We have now determined chlamydial organism load in matched specimens from different anatomic sites and examined its relation to clinical signs and symptoms in men and women. Organism load was measured with assays based on the ligase chain reaction or real-time PCR analysis. The mean organism loads in 58 infected men were 1,200 and 821 elementary bodies (EBs) per 100 l of sample for first-void urine (FVU) and urethral swabs, respectively (P > 0.05). Organism load in FVU samples or urethral swabs was positively associated with symptoms (P < 0.01) and clinical signs (P < 0.01) in men. The mean organism loads in 73 infected women were 2,231, 773, 162, and 47 EBs/100 l for endocervical swabs, SCVSs, urethral swabs, and FVU samples, respectively (P < 0.001 for each comparison). Only the presence of multiple symptoms or clinical signs was associated with organism load in women. These results show that FVU is a suitable noninvasive sample type for men, given the fact that its chlamydial load did not differ significantly from that of urethral swabs. Given their higher organism load compared with FVU, SCVSs are the preferred noninvasive sample type for women.
Urogenital infection with Chlamydia trachomatis is the most commonly reported bacterial sexually transmitted infection (STI) and continues to be a major public health problem worldwide (4, 35) . Given that most chlamydial infections are asymptomatic in both men and women, they often remain undiagnosed and untreated and therefore provide a reservoir for the disease (33) . Infection of the upper genital tract may lead to complications, such as epididymitis in men and pelvic inflammatory disease in women. The inflammation and subsequent tissue scarring associated with the latter can lead to more serious sequelae (4) .
Effective control of chlamydial infection within a population requires early diagnosis and prompt treatment of asymptomatic individuals (28) . Targeted and regular screening is also recommended for people in high-risk groups or with a past history of genital chlamydial infection (14) . The most common sites of infection in women are the cervix and urethra. Infected cells are shed from the endocervix into the vagina and are present in vaginal secretions. Infected epithelial cells from the urethra and the associated C. trachomatis elementary bodies (EBs) can also be detected in first-void urine (FVU) (3, 16) . Potentially suitable clinical specimens for detection of chlamydial infection in women thus include urethral, vaginal, and endocervical swabs, self-inserted tampons, and FVU samples (3, 12) . For screening programs, noninvasive specimens, such as vaginal swabs, tampons, and FVU, are preferable to invasive urethral and endocervical swabs because they overcome several barriers associated with the traditional diagnostic pathway (5, 11) . Sensitivity of C. trachomatis detection with vaginal swabs has been shown to be similar to that with endocervical swabs or FVU samples (12, 22, 31) . In men, C. trachomatis infects the urethral mucosa, which can be sampled effectively by collection of either urethral swabs or FVU, the latter being noninvasive (8) (9) (10) .
We have now quantified chlamydial organism load in matched specimens from different anatomic sites of infected men and women in order to compare the respective yields. In addition, we examined the possible relations between chlamydial organism load in matched samples and either patient symptoms or clinical signs.
MATERIALS AND METHODS

Study participants.
Patients attending the Department of Genitourinary Medicine, Addenbrooke's Hospital, Cambridge, United Kingdom, for genital infection and STI testing between September 1998 and January 1999 were recruited into the study. The study was approved by the Cambridge Local Research Ethics Committee, informed consent was obtained from all study participants, and human experimentation guidelines of the relevant institutions were followed in the conduct of clinical research. Patient-reported symptoms and clinical signs were recorded at the time of the consultation, and these data were obtained retrospectively for analysis. A total of 1,654 patients (653 men and 1,001 women) participated in the prevalence and organism load analyses. The numbers of participants who were ineligible or declined participation in the study were not recorded.
For the purpose of analysis, three global variables were created: patientreported symptoms, clinical signs, and traced STI contacts. Patient-reported symptoms for men included dysuria, urethral itching, urethral irritation, and urethral discharge. Patient-reported symptoms for women included vaginal irritation, abnormal vaginal discharge, irregular vaginal bleeding, dysuria, and pelvic or lower abdominal pain. Clinical signs for men (physician diagnosed) included urethral discharge, moist urethral meatus, genital lesions (genital warts, molluscum contagiosum, and ulceration), and a urethral smear with five or more polymorphonuclear leukocytes per high-power field (PMNLs/HPF). For women, clinical signs included mucopurulent cervical discharge, cervical contact bleeding, cervical motion tenderness, pelvic or adnexal tenderness, and infections other than Chlamydia (including candidiasis and bacterial vaginosis).
Specimen collection and testing. All swab samples were collected with the LCx specimen swab as part of the collection kit provided by the manufacturer (Abbott Laboratories, Abbott Park, IL). Clinic nurses collected the urethral sample from male patients by inserting the LCx swab 1 to 2 cm into the urethra. Endocervical and urethral swabs were collected routinely from female patients by attending physicians. Female patients were given simple instructions (with a diagram) (22) on how to obtain a self-collected vaginal swab (SCVS); these samples were collected prior to speculum examination by inserting the swab into the vagina and rotating it for 15 to 30 s. Each patient was also asked to collect ϳ20 ml of FVU after not having urinated for at least 1 h. As part of the routine screening protocol, all women were tested for infection with Candida species (vaginal microscopy and culture), Trichomonas vaginalis (vaginal wet-film microscopy and culture), Neisseria gonorrhoeae (urethral and endocervical microscopy and culture), and C. trachomatis (enzyme immunoassay). Urethral, vaginal, and endocervical smears from all women were subjected to Gram staining for determination of the number of PMNLs/HPF by microscopy, with Ն5 PMNLs/HPF for the urethra and Ն21 PMNLs/HPF for the vagina or cervix being considered abnormal.
For the research analysis, urethral and endocervical swabs, SCVSs, and FVU samples were screened with the ligase chain reaction (LCR)-based Chlamydia trachomatis LCx assay (Abbott Laboratories), which targets a conserved region of the cryptic plasmid. At the collection site, each swab was placed into the LCx swab specimen transport tube containing 0.5 ml of specimen transport buffer. FVU and swab specimens were immediately stored at 2 to 8°C and screened by LCR within 78 h of collection, well within the storage period of 60 days recommended by the test manufacturer. The transport tubes were incubated for 15 min at 97°C in a dry heat block. Similarly, the cell pellet obtained from 1 ml of a FVU specimen by centrifugation for 15 min at 17,000 ϫ g (Megafuge 1.0R; Hereaus, Osterode, Germany) was dissolved in 1 ml of LCx urine extraction buffer and heat treated as for the swab specimens. All assays were performed by experienced laboratory technicians with 100 l of sample per amplification according to the manufacturer's instructions (16, 31) . The remaining extracts of positive swabs and positive urine samples were stored at Ϫ80°C and tested by quantitative LCR (QLCR) within 2 months of collection. These samples were thus frozen and thawed once prior to testing by QLCR. All positive swab and urine extracts were again stored at Ϫ80°C until tested by real-time quantitative PCR (QPCR) analysis in September 2006 (two freeze-thaw cycles).
Samples from individual patients that yielded discrepant results either among specimen types or between routine clinical testing and research testing underwent repeat LCx testing at serial dilutions (up to 1/10) in LCx urine extraction buffer in order to reduce the potential effect of inhibitors present in some specimens.
Quantitation of the EB standard. A partially purified preparation of EBs from C. trachomatis (serovar L1), which is readily propagated in buffalo green monkey kidney cells, was provided by I. Clarke (University of Southampton, United Kingdom) and used as the standard for EB quantitation. Although most of the infected patients were likely to harbor C. trachomatis serovars D through K, the primer sets for both the LCR and QPCR assays correspond to conserved regions of the C. trachomatis cryptic plasmid and are therefore able to detect all C. trachomatis serovars (16, 21, 31) . The EB concentration of the standard was determined by electron microscopy. In brief, samples of the diluted standard were placed in the cavities of an EM90 rotor and centrifuged at 90,700 ϫ g for 5 min in an Airfuge ultracentrifuge (Beckman Coulter, Fullerton, CA) onto 300-mesh copper grids coated with silicon monoxide and carbon. The grids were then stained with 2% phosphotungstic acid and examined with a Philips CM100 electron microscope (Philips Electron Optics, Eindhoven, The Netherlands) at different magnifications (ϫ2,200, ϫ2,950, and ϫ3,900). Three different areas of each grid containing 30 to 150 EBs were photographed. A total of 24 photomicrographs obtained from the various dilutions of the standard was analyzed for the number of EBs present. The standard used throughout the study had a mean concentration of 1.08 ϫ 10 10 EBs/ml (standard deviation [SD], 1.54 ϫ 10 9 ). Quantitative assay for measurement of EB concentration. Reduced numbers of amplification cycles of the LCR (32, 28, 25 , and 23 cycles instead of the standard 40 cycles) were used to generate linear standard curves covering a wide range of EB concentrations with the modified LCx assay. Specimens processed for the QLCR assay were diluted by 1/2 in LCx specimen buffer before testing. For each measurement run, a standard curve was generated, and the organism load for each sample was plotted. Samples with an organism load falling outside of the linear range of the standard curve were retested with the use of a more appropriate number of amplification cycles. The standard curves for the four different amplification protocols (32, 28, 25 , or 23 cycles) were linear from 1 to 150, 100 to 1,500, 1,000 to 15,000, and 10,000 to 150,000 EBs per reaction (100 l per amplification), respectively. Ten standard curves at 28 cycles were constructed for the EB standard on different days with LCx kits of different lots. Each curve was generated from nine different concentrations of EBs (0 to 1,500 per test) in duplicate (Fig. 1A) . The coefficient of variation for the 10 curves was Ͻ15%. Real-time quantitative PCR assay. A subset of the matched LCx swab and FVU extracts stored at Ϫ80°C were quantified by real-time QPCR analysis in 2006. Nucleic acid contained in 100 l of LCx extract was purified by ethanol precipitation (24) , dissolved in 100 l of nuclease-free water, and used as a sample for QPCR testing. Real-time QPCR was performed by a modified version of the previously described method (21); 20 l of sample was added to a reaction mixture volume of 50 l, instead of 5 l of sample to a reaction mixture volume of 25 l. Amplification was performed with an Mx4000 multiplex quantitative PCR system (Stratagene, La Jolla, CA) according to the following protocol: one cycle of 50°C for 2 min and 95°C for 10 min, followed by 45 cycles of 95°C for 30 s (instead of 15 s) and 60°C for 1 min. The plasmid pCTL12A (kindly provided by I. Clarke) was purified as described previously (21), quantified by measurement of absorbance at 260 nm, and used to generate the reference curve (Fig. 1B) .
Correlation between QLCR and QPCR. Although we had access to the LCx test after it was no longer commercially available, a highly reproducible (r 2 ϭ 0.999) QPCR method (21) was used to confirm the validity of the QLCR results. The EB standard and LCx extracts from 15 matched sets each of male and female specimens were quantified by QPCR. Three dilutions of the EB standard were quantified relative to the plasmid standard in duplicate runs. The results showed that there were 7.72 Ϯ 0.68 (mean Ϯ SD) plasmid copies per EB, consistent with previously obtained values (21, 32) . This value was used to convert plasmid copies into equivalent EBs per 100 l. Analysis of the 15 matched sets each of male and female specimens revealed a pronounced correlation (r 2 ϭ 0.929) between EB counts determined by QLCR and those determined by QPCR (Fig. 1C) .
Statistical analysis. The 95% confidence interval (95% CI) for organism load in each of the various specimen types was calculated from the geometric mean and SD obtained for the specimen population. Organism loads of matched samples were compared with each other by the paired Student t test or analysis of variance. Two-sample t tests with natural log transformation were used to determine association between patient-reported symptoms or clinical signs and organism load. The relation between the number of PMNLs/HPF and organism load was evaluated with Pearson's correlation coefficient (r). The concordance between organism loads determined for different specimen types at a given anatomic site was assessed with the paired Wilcoxon rank-sum test. Pairs were considered discordant if the organism loads differed by Ͼ10 ranks and by at least 2.0 log units. The one-tailed McNemar's test for correlated proportions was performed for paired sample types, and the resulting P value, standard error, and 95% CI were calculated. A P value of 0.05 was considered statistically significant.
RESULTS
Identification of infected patients. Of the 653 male and 1,001 female patients screened for C. trachomatis, 81 men (12.4%) and 83 women (8.3%) were identified as positive by LCx testing. The age of the screened patients ranged from 16 to 69 years, with a median of 27 years. Matched specimens from LCx-positive subjects were obtained for 58 of these 81 men (72%) and 73 of the 83 women (88%); most of the remaining subjects declined to provide a third urethral swab required for LCx testing. A patient was defined as LCx positive if a specimen from at least one anatomic site yielded a positive result. Of the 58 positive men with matched specimens, only two individuals tested negative with urethral swabs but positive with FVU specimens. No female patient with matched specimens was positive at only one anatomic site ( . Sensitivity with endocervical swabs was significantly higher than that with FVU specimens (P ϭ 0.0039), but it did not differ significantly from that with the other two sample types.
Organism load in infected men. We analyzed the organism load data in terms of both the distribution of chlamydial load according to sex and specimen type and the load ranking for each specimen type. The distribution of organism load according to specimen type is shown in Fig. 2 . The mean load for the 58 infected males was 1,200 EBs/100 l (95% CI, 13.2 to 108,880) for FVU specimens and 821 EBs/100 l (95% CI, 5.6 to 117,995) for urethral swabs; the difference was not significant (P ϭ 0.16). Ranking analysis showed that the proportion of discordant pairs for FVU specimens and urethral swabs was only 3.45% (95% CI, Ϫ1.2 to 8.1%; P ϭ 0.85).
Organism load in infected women. The approach used above to analyze organism load in infected men was used to analyze organism load in the four different specimen types for the 73 infected women. The mean organism loads were 47 (95% CI, 0.2 to 8718), 162 (95% CI, 0.6 to 40,831), 773 (95% CI, 3.1 to 194,308), and 2,231 (95% CI, 4.9 to 1,009,737) EBs/100 l for FVU, urethral swabs, SCVSs, and endocervical swabs, respectively (Fig. 2) . The difference in load between any pair of specimen types for women was statistically significant (P Ͻ 0.001). The organism loads for two distinct infection sites, the urethra and cervix, were examined for women. Ranking analysis revealed that the proportion of discordant pairs either between FVU specimens and urethral swabs or between endocervical swabs and SCVSs was 11%. For matched cervical The sensitivity of C. trachomatis detection with endocervical swabs was significantly higher than that with FVU (P ϭ 0.0039; 83.6% agreement) but did not differ significantly from that with SCVSs (P ϭ 0.1797; 93.2% agreement) or with urethral swabs (P ϭ 0.1025; 91.8% agreement). The sensitivity with FVU specimens was significantly lower than that with vaginal swabs (P ϭ 0.0196; 87.8% agreement) or with urethral swabs (P ϭ 0.0339, 89.0% agreement), but that with vaginal swabs did not differ significantly from that with urethral swabs (P ϭ 0.7389; 87.7% agreement).
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on October 31, 2017 by guest http://jcm.asm.org/ and urethral swabs, however, the proportion of discordant pairs was 33% (95% CI, 20.8 to 45.0; P ϭ 0.16). Relation between organism load and either symptoms or clinical signs. The relation of chlamydial infection to patientreported symptoms, clinical signs, or traced STI contacts was examined by multivariate logistic regression modeling, with significant associations being shown in Table 2 . Of these various associated variables, the presence of one or more clinical signs or that of one or more symptoms was associated with organism load of FVU specimens or urethral swabs in men (Table 3 ). Both the presence of dysuria and the number of urethral PMNLs/HPF were associated with organism load of FVU specimens but not with that of urethral swabs in men. Of the four specimen types in women, the organism load of only SCVSs or cervical swabs was significantly correlated with the corresponding number of PMNLs/HPF. Whereas individual symptoms or clinical signs were not significantly associated with organism load in women (data not shown), when the analysis was restricted to only those clinical features suggestive of cervicitis or pelvic inflammatory disease, a significant association with organism load was apparent ( Table 3 ). The presence of at least two specific symptoms (vaginal discharge, irregular bleeding, or pelvic or abdominal pain) or of at least one of a group of clinical signs (mucopurulent cervical discharge, cervical motion tenderness, or pelvic or adnexal tenderness) was associated with organism load of both FVU specimens and cervical swabs. The physician diagnosis of nonspecific cervicitis was positively associated with organism load for all four sample types.
DISCUSSION
The C. trachomatis positivity rate of 9.9% for the study population, which was recruited from patients at a genitourinary medicine clinic, is consistent with that reported previously for the United Kingdom (1) . Although all the quantitative data for organism load analyzed in the present study were obtained with a QLCR assay, the QLCR data for a subset of samples were found to be highly correlated with corresponding QPCR results. The good correlation between the QLCR and QPCR data indicates that there was no loss of the target during the storage of samples at Ϫ80°C prior to performance of the latter assay. With the use of matched specimens, we have shown that, for men, urethral swabs offer no yield advantage over FVU specimens because the organism load did not differ significantly between these two specimen types (821 and 1,200 EBs/ 100 l, respectively). Our results support those of previous studies suggesting that FVU is a more practical and acceptable specimen type for detection of C. trachomatis in men and is a better diagnostic specimen for screening of asymptomatic individuals (6, 8) . For women, the endocervical swab has been the standard sample for most tests approved by the U.S. Food and Drug Administration. Recently, however, the sensitivity for detection of chlamydial or gonococcal infection with vaginal swabs was shown to be similar to that with endocervical swabs (5, 7, 26) . In the present study, endocervical swabs contained the highest C. trachomatis organism load (2231 EBs/100 l), followed by SCVSs (773 EBs/100 l), urethral swabs (162 EBs/100 l), and FVU specimens (47 EBs/100 l).
FIG. 2. Organism load in matched specimens from men and women infected with C. trachomatis.
The geometric means are indicated by the horizontal bars. The P value for comparison between urine and urethral specimens of men was 0.16 (paired t test), whereas those for comparisons between urine and urethra, urethra and vagina, and vagina and cervix for women were all Ͻ0.001 (analysis of variance). The low organism load for female FVU specimens, which was markedly less than that for male FVU specimens or for any other female specimen type, is consistent with evidence that amplified enzyme immunoassays and even some nucleic acid amplification-based tests, especially those without a concentration step during sample processing, struggle to achieve adequate sensitivity with female FVU specimens as the diagnostic specimen (27, 29) . The female urethra is only 3 to 4 cm in length, with its major distal portion being lined by stratified squamous epithelium (30) . In contrast, the anterior male urethra is ϳ16 cm in length and is lined mostly by pseudostratified columnar epithelium (30) . Given that Chlamydia species typically infect columnar cells and do not show tropism for squamous cells (25) , these differences may account for the lower organism load apparent in female FVU specimens compared to the organism load in male FVU specimens. Cell culture has suggested that ϳ40% of women are infected with C. trachomatis solely in the endocervix, without true urethral infection (15) . In such women, periurethral contamination from endocervical C. trachomatis is likely responsible for the chlamydial particles detected in FVU specimens by nucleic acid amplification-based tests. These specimens would also be expected to have a lower C. trachomatis organism load than those from women with true urethral infection. Vaginal swabs had the second-highest organism load for female specimen types, with values much higher than those for FVU specimens in the present study, making SCVSs the superior noninvasive sample for women. This conclusion also applies to the use of SCVSs for tests with lower sensitivity, such as enzyme immunoassaybased or rapid tests, for which a FVU specimen is also a suboptimal female sample.
Analysis of various patient-reported symptoms or clinical signs and their relations to organism load revealed that, for men, the organism load of FVU specimens was positively as- a L and U , lower and upper limits, respectively, of the 95% CI for the mean organism load, rounded to the nearest decimal point, in the 58 infected male patients with both sample types and 73 infected female patients with all four sample types.
b Association between organism load in matched specimens and clinical signs or symptoms was evaluated by two-sample t tests with natural log transformation. P values that are statistically significant (P Յ 0.05) are shown in bold type.
c Correlation of organism load with PMNLs/HPF was assessed with Pearson's correlation coefficient (r). d Women reporting two or more specific symptoms (vaginal discharge, irregular bleeding, or pelvic or abdominal pain) or manifesting one or more specific clinical signs (mucopurulent cervical discharge, cervical motion tenderness, or pelvic or adnexal tenderness).
e The diagnosis of nonspecific cervicitis was based on the presence of a mucopurulent cervical discharge or Ͼ40 PMNLs/HPF on the endocervical smear (or both).
sociated with dysuria, the number of urethral PMNLs/HPF, one or more patient-reported symptoms, and one or more clinical signs. The organism load of male urethral swabs did not show a significant association with either dysuria or the number of PMNLs/HPF, but it was positively associated with one or more patient-reported symptoms and one or more clinical signs. These differences between male urethral swabs and FVU specimens might be accounted for by suboptimal sampling of the urethral mucosa during swab collection as a result of the pain caused by this procedure, especially in individuals with an inflamed urethra. In females, the association of FVU or endocervical organism load with multiple patient-reported symptoms or clinical signs characteristic of cervicitis or pelvic inflammatory disease suggests that symptomatic upper genital tract infection is more likely to occur in women with a higher chlamydial load. The association between nonspecific cervicitis and organism load in all four specimen types also demonstrates that women with a higher chlamydial load are more likely to display clinical evidence of infection. Female FVU specimens and urethral loads were not correlated with the corresponding number of PMNLs/HPF, whereas both vaginal and endocervical loads were significantly correlated with this parameter, consistent with previous findings that local organism load correlates with inflammation at the same site (18) .
The organism load of some of the specimens in the present study may have been underestimated for two main reasons. First, the routine screening swabs were collected before the research swabs. This imposed order of specimen collection might thus have reduced the organism load in the research swabs if the initial screening swabs depleted available infected cells or chlamydial particles. This effect might be least relevant for SCVSs, for which the sampling area is much greater and the potential for depletion of chlamydial particles with repeated swabbing is therefore reduced. Second, it is possible that EB counts of certain samples might have been underestimated because of the presence of inhibitory substances. In addition, the study was performed with subjects attending a genitourinary medicine clinic, with approximately half of them being symptomatic. The distribution of organism load by anatomic site and the relationship of load to symptoms may be different in a largely asymptomatic population, such as those individuals attending young people's sexual health clinics.
Our findings may help to direct current screening strategies (17) and to guide diagnostics manufacturers in selecting the most appropriate sample types during test development (34) . Noninvasive collection of FVU as a specimen would minimize patient discomfort and overcome some of the difficulties associated with screening a male population (23) . The use of SCVSs might also help to increase the acceptability of screening programs for women, given that recent studies have shown that these samples are highly acceptable and perform as well as, if not better than, FVU specimens and endocervical swabs (13, 26) . Evidence in support of screening based on home sampling with SCVSs in women and FVU specimens in men has been presented previously (2, 20) , and our findings support the choice of these specimen types. In addition, vaginal swab specimens are easier to handle during collection and transport and require fewer steps to process compared to FVU specimens. Commonly encountered sampling problems for FVU specimens include the uncertain time since the last void, variable sample volume, and potential for dilution of the FVU fraction, especially in women (19) . These issues can be overcome with the use of SCVSs, although caution may be needed in women who clean or douche vaginally immediately before sample collection because such action might deplete chlamydial particles and lead to a false-negative result. Finally, on the basis of our findings, we recommend that chlamydia screening programs adopt the use of FVU specimens in men and SCVSs in women as the most appropriate noninvasive specimen types.
